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Iz, FICEEAK,  FEE L a2 4.0 cc 7‘1[173(/ #100cc & U, HiR&EEOFik
THRERERD S, COBEMEOERE R, Pm’”%NOmcbtcﬁﬁo%d

107

B

1035

(8

103 D2 (B s+ B R
2 ” +FEH
3 B BT
L 1 1 i (] ]
o (hr) 12 24

(8 & W [H])
B3E FEE M OEEIRHRS 2 INA 1SS ORE R

HHEODT2ERBIC LD, ThoDH
@ﬁ%i%nt@f,mﬁ@%ﬂﬁﬂf@%ﬁ
WML — I kD TE D BREE T HI,

FEEIZYE 3 IR LT, WIRE, iR
R cE 2 E 2 MU ERER L, JEH
BOW 2 2 7o B I e o fe, JRESH
FROBEAUEITEEHLCREIRONEG
Mmoo,

b) BUEREURIRTETIR LA

HASRIEREMRT s c LickoT, ¥
HECBHES OB EOHRAETICHL RS |
LT &7, [E v N ii)]

10 mejec D UCERANHTE (~100°C) iy o MM O

1. 50 f%, 2. 500 %, 3. 1,000{%, 4. 10,000
WHIRLTHhS, 0 L0ce %34 49.0 cc e 2N E N

106




110 E R -

A, B OB E 2 50 45, 500 fi5, 1,000 fF K or 10,000 5AICE 2 X S L, T
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uimxwm%f£W§ &, FUMOEEORRIRER RIS N 50 P Sl ik
FOWBICE B bOTRE T, AW E S ORI RHMIEE &5 515,
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B Ox it
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SBOM  HURRER WK O BB HE

FERE I TR L RIS, BRERUET 5 & CO, B4R, O, MBIl T Ui, 5
B E OB TR, —30°C HERIURE £ © —190°C BRASRLVE © 5 231d B hicis o, B
B, CO, BAERmTE, MA5220mm® TH B DICH LT —30°C @b o3 3580 mm?, —190
CoboRrR1425mm* TH Y, X O, WFHTE, #Hid102.0mm?, —30°C iF 46.0 mm®,
—190°C {2 15.0 mm® TH 27, Lo L, &KL CO, Rt 0, 3 & i, JEH AR &

FTRDHLBOEDE L THEE—l O DORRMEE S H T 2 &, H2RICRONBRK
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B2k HHEEEEO CO BRO O, KL EREL O

W5 A T LR o, % | 0 % CO, S/HBRE | O, /=&
. : (%) (%) | ()
Cont. 100.0 © 1000 100.0 1.0 1.0
- 30C 43.0 72.5 45.1 1.7 L1
—190°C ‘ 1.5 275 ' 14.7 18.3 9.8

—30°C Db DR MK L THTh 1~2ETH 501z, —190°C 134y 10~20 {531F < D%
R,

T ORERIE, AEBOEREOAPRAMRBZT S &N, EFRE I RLILE DR 20
R OREURIEEFT B LICE S, CORRBEENALNBIK 2O TRROBELFERA
MEZ NG, DEREHSOREMREALLC L, 2K > T U B RO R
WD 2 LR AR T 2 &, HMEICLRIFERBEO>TNEC L, ETINOSDHEE
BT B 7 DI EICIR DRI B 4T 2 72,

1) WERHRLREE & T D RFREUCE U ARG E R R & o HiR

SEI RO W HUBR S D 582 ] B 7o Icid, £ 9 R @m@ﬁ¢%®¢ﬁwﬁ:%bmmm
HOEFEREEICO0T, BRI E LR T 2 0ERD S, CODICE, SBRERIKEL
DIRILER R o AR B A Rl LS A © E BRI © T, MRERRICE 10 me/ec X H T
WD E O,

600 | 3 CO, %4t (60 571H)
A Qo il ”

A  Cont. ( ! mg"cc)
B —190°C (40 mg'cc)

moo C  Cont. (0.2mglcc)
D—190°C (20 mgcc)
B
200 t
(mm3)
SIS @_—_—_m——
S

A B C D A B C D
W0 WOEEERG kT O AR T L B & O L
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Hi%, 40mg/ce, 20 mg/ecc OEHEA —190°C THEMSREE L, X OEBEMEBRICK 5
EOWRMBOEFEELHAMLT, CO,ERVO,BERELR, COBSGEEBEITES
PRE—HEEBLIICHEDIDEDTY, E5LTHZPOERITELDT. PEHZHMD
EEETO, MEERE CERROERBOE LV TEL BT 1,

Z OfERE 40 mg/ec B BURRIE O EFRE O % 3 3 MBI R R IE 1 mg/ee, 20
mgfcc LR LT 02mglec £ D, FNFNOREF A EIZE 10 icRT &L 50, EWEIK
HHRERURER IO R LT, @A i &0 BALRBEER L, i 0.2 mgjec DIEHA T
HE LR ED D,

TR EMS L, FHRRRE ORI RMEEEAEBREL KL 50TRIELT, oD
HWFGEELTHETHA S C EBBEBEINS,

£B YV AGERIUEE o BALREED £ O AERERIC E L TEAL T 2H B Ok
1) AR 1 AR U 2ol o BB B
%9 10 mg/cc OBHEREE I (—190°C) % A BT +27°C, 36 FpREE L 2%,
3 L PR LT O 10 me/ecc O @A ED, CO,BRUO, BANET 2L ILKOMD

T3,

6oo T CJ CO, %kt (60 40E)

u N 777/ W OERLE3
A Cont.
O -

#o B —i90°C

200

{mm3) % %

' o]
A B A B

EIUE  EASEURES | USTE L B o RL A aAe
CTORICRE SN 8IC, BUEREEO CO, &, O, BmEMBEMHALREL LS HEERL,
ERICEL TN BT EMDhD1,
HASRMR 1 BORBETERICHT 220 bhh 2800, LHME N0 YERL T
DORETH Y, WO THBRURIC X > TUENRHRECEMEL LDl h T 215 L1133
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Z DAL,

0}-% e , @ O it
a) IEWEICICR K A A&
i, EEE SRR R SR R so |

MA BT ECEDT, EFEO R
WO EAN L ha AT,

HI %, 40 mg/ce, 20 mg/ce o H e+ ter
SERLME (—190°C) 15 EYRE L, 5540 ICEM (o) 1 HT
X A5 e to, L ER TS EUETRLE L o 7

. . NoBC D EF A BC D EF

7oA OERERERucR s X i, 10

. v 05 . W12 R IERNOR N A 7235 6 0 B SEE
mg/ee T 2 mgfee DIEWHIK 05 cc A A. 1 mg/ee 318 B. A+40 mg/ec B HEn 15 i)
T, CO, BV O, B4 HE LT, C. 40 mg/ce B BAEL 15 [ D. 0.2mg/ce A

. Vi L B £ S S 1 . E. D+20 mg/cc B B 15

73 % 15 EIMREREIERR I & CO, F. 20 mglee EMH 15 1
HEEM B B, ENEMRALTHEATS,
FERIZE L2 Fic R LIS, WOPEOIEWRAGCHE LT, RO S5 EERUE S E g 2
MAF S DDFFNE B PIE DIz, P62 THARIMIC £ THM L 7o B B kg mik
BREORBERICBELTIF LTV AT EMEBRIN S,

b) HEBEERICZ OEBREREFROETEEMA 756

MIEDERT, MR EEmMZ 3 2icd>T, LFORRBIBIEIMAT R &
Mot h, LALCOEARCO,EHN605 20 100 10 2BET, 2BIEHMLENL L
WTHBDD, COBREMOREE, 1EHK
FERE L ERORBIRESEAE O EFEON

2 Rkl (60 W) . . R
120 b ] ECO, it (60 0FICHN B EOBBHICRTE SR, 22T
- Q. iy dehit e
FIURETSH, HMEAMIEOLD L 156
t DOHEOETRE, HHICRL 32D TREOAE
T Bi LN DT, ROL S FETEICHE L
77.
o b 10 mg/cc » 1 E A HEREAEE % (—190°C) 4.5
(mm3) | cc ic, Hic 2mgjec DIER WK 0.5 cc AT
7 EEEM 2T s L dICL, CO, BERRY
o
A 8 A B O, WH Rz RE L,
BISE FERRRR O ERE Y A FEEFHE I3 HIC R U, BRI
B& O WAL e

WICEHE A -, EHEMITZ2ETH
ZIcbWoT, HERIMERIS OO X DN

A. 10 mg/ec Bl B. A+0.2mg/ce WR
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LPliapoie, o4, 02mglcc DEREBORMEIRA L HE LAV, SO bOT
HY, FRRINCEWEBEZMA 72 72 DEGSRUREIEE 213 110 B2 U MRS TO 3 b1
BOT, TOFEFMET 3 & 1815-1315x1/10%=1125, 11.0—11.0x1/10=80 & (15 X 52,
EWHEMATLMABDETIO D EFAEENBINNC EICH B, HE-THHSER 1 Eo 58
RO FEE P E U R AR IS LTS B L TR E S Eicin b, Ll ok
TBIPHT & F 72RO & 5 BRI TR 5, I B R 2 B ol HE AR 13 TE 98 1 R & L7 1o 25,
BRI IR IC L D CRAA SN A D TR D E NI C ETH B, COEOMEES D &

AHEIZEETH B,

3) WU RIS LB e

10 mg/ec O HGHERMNE (—190°C) 2RO & 5 BIFHEEICLT, +27°C TIRE L 3 Iy
BICTO—MEL VML, CO, BEU O, BEMiE L, HERMMOTEREAGBE L, 5
MR LI ZTOEEDLD, 5% IKHBL T vam 22z bd, KO EERIS 2 5
LU LRI L. b 0D NS MEAME L DTEH 2,

- CO, 44t (bo 57fE)

Cont. (IEHTH)
FDHD
g —~ A TR

F.T.
F.T.
F.T. 835 8k i FREe

O, kit (60 4i)

(mma) _5...:-_:!__.,... __________ <O
-----.‘~,.. ‘~-~,__
T .
(@] 1
of(hr) 3 6 o] 12 15

(IEEEE +27°C)
WI4E SRR A I U 25 E © B SR

REREEE T RITR LIS, JAHA EE SO DICHE LT, sl 2 ke o
R TR R ETL, 12 RS TERICNE BRI S D7, ol
WE?%C& CEDT, RMRENRRICET T 2 213, BUSERIC XS THIRERLTH
BB TEIRIELICRIEZALTED, TNOMEEOREE I AN T 5 & A



BER: O RE R OB B T ES AR O % 17
BRI 2608 bha, LALIOBAETS, ERETOLOORERMETET 00
BT,

Pl EoEBREREENT 2 &, SRR GO RbREee R ~190°C 0if&) Hifeid
HOEFMICILBELTRECRASHEEERHESOBREONTREIILZ2LFLE LD
b, GLABLAE TS > TH, HHRRRES TIERICHSICMMEREEEF L T2 &/
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Résumé

Until the present date a few studies by other investigators have been made con-
cerned with the effects of freeze-thawing on the cell structure of micro-organisms, but
effects on their growth have not yet been made clear.

The following experiments were carried out by the author in order to elucidate the
behavior of yeast cells in their growing and metabolic processes as influenced by freezing
and thawing.

Lag phase in growth curve of cells frozen at —190°C and thawed was prolonged as
long as 12 hours, while the lag phase of the one treated at —30°C was identical with
that of normal untreated one. As a result of experiments repeatedly performed by the
use of various treatments to clarify the reason for such a fact, it was found that the
prolongation of lag phase is required for the cellular structures to recover from destruc-
tion caused by freezing and thawing and that glucose is utilized as a substrate, pre-
sumably as one of the energy sources, at this phase.

Activity in fermentation and aercbic respiration of yeast cells was reduced by
freezing and thawing, in particular, by freezing at —190°C more than at —30°C. The
ratio of metabolic activity of the cell suspensions treated at —190°C to numbers of cell
survivors in the same material was greater than that in normal ones. According to
several investigations undertaken to explain this fact, it was assumed that even the dead
cells in the treated suspensions might to some extent retain their catabolic activity for
a short time and that the dead cells and/or cell fragments might be employed by living
cells for their catabolic metabolism as substrates.

Using radioactive glucose, of which the carbons were labelled with *C, and phos-
phate (¥*PO,), paper-chromatography and radio-autography of the cell fractions extracted
from normal and treated materials were performed. The results thus obtained were as
follows: water solubility of some of the cell constituents was increased by freezing and
thawing, so that the water soluble fraction in the treated materials contained substances,
which were low in molecular weight, such as sugars, fatty acids; esters and amino com-
pounds, more in amount than those in the untreated ones. In particular, the two of
sorts of amino compounds became more soluble in water due to freeze-thawing. Con-
sidering the relationship between such an extractability of cell components and the
destruction of cells, it was assumed that the permeability of cell membrane was
increased by freezing and thawing.



